
US 20060223212Al 

(12) Patent Application Publication (10) Pub. No.: US 2006/0223212 A1 
(19) United States 

Jang (43) Pub. Date: Oct. 5, 2006 

(54) IMAGE SENSOR AND METHOD FOR (30) Foreign Application Priority Data 
MANUFACTURING THE sAME 

Sep. 30, 2003 (KR) .......................... .. 10-2003-0067972 

(75) Inventor: James Jang, Cheongju-Si (KR) 

Correspondence Address: 
FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER 
LLP 
901 NEW YORK AVENUE, NW 
WASHINGTON, DC 20001-4413 (US) 

(73) Assignee: Dongbu Electronics Co., Ltd. 

(21) Appl. No.: 11/433,563 

(22) Filed: May 15, 2006 

Related US. Application Data 

(62) Division of application No. 10/747,057, ?led on Dec. 
30, 2003, noW Pat. No. 7,071,501. 

Publication Classi?cation 

(51) Int. Cl. 
H01L 21/00 (2006.01) 

(52) US. Cl. .............................................................. .. 438/48 

(57) ABSTRACT 

An image sensor is disclosed Where individual photo diodes 
of the respective unit cells separated by an element isolating 
layer are physically integrated into a single large scale pixel 
formed Widely on a semiconductor substrate so as to hold the 
pixels in common. A pixel separation pattern is additionally 
formed on a portion of the large scale photo diode formed so 
as to electrically separate them. An optimization of the light 
receiving area of the photo diode, a minimization of the 
intrusion area of an element isolating layer, and so on are 
achieved, so that the photo diode recovers an area occupied 
by an intrusion of the element isolating layer, thus maxi 
miZing the light receiving area in an optimal scale and easily 
preventing electrical impacts between the respective unit 
cells. 
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Fig. 1 
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Fig. 2 
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Fig. 3 

Fig. 4 
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Fig. 5 
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IMAGE SENSOR AND METHOD FOR 
MANUFACTURING THE SAME 

[0001] This application is based on and clams the priority 
to Korean Patent Application No. 10-2003 -0067972, ?led on 
Sep. 30, 2003, the entire contents of Which are incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] The present invention relates to an image sensor, 
and more particularly, to an image sensor and a method for 
manufacturing the same, in Which a maximization of a light 
receiving area of a photo diode and a minimiZation in a scale 
of formation of an element isolating region result from an 
improvement of a layout of the photo diode. 

[0004] 2. Description of the Related Art 

1. Field of the Invention 

[0005] Recently, With a rapid development of the electric/ 
electronic technologies, various electronics, such as video 
cameras, digital still cameras, minicams adapted personal 
computers (PC), minicams adapted for mobile phones, and 
so forth, employing image sensor technologies have been 
Widely developed and used. 

[0006] Traditionally, as a conventional image sensor as 
described above, charge coupled devices (CCDs) have been 
generally used. HoWever, such CCDs have drawbacks in 
high driving voltages, requiring separate additional support 
circuits, and having high per-unit prices, so that the usage 
thereof has been declining. 

[0007] Recently, as an image sensor for overcoming the 
disadvantages of the CCD, attention is being focused on 
Complementary Metal Oxide Semiconductor (CMOS) 
image sensors. Since the CMOS image sensors are manu 
factured based on a series of CMOS circuit technologies, 
contrary to the existing CCD, they have advantages Which 
include loW driving voltages, obviating additional support 
circuits, loW per-unit prices, etc. 

[0008] Under such conventional technology systems, as 
shoWn in FIG. 1, unit cells C1, C2, C3 and C4 of the CMOS 
image sensor may be arranged together on a semiconductor 
substrate, forming a series of cell groups C. 

[0009] Herein, respective unit cells C1, C2, C3 and C4 
may have a construction including a combination of, for 
example, a photo diode (PD), a reset transistor (Rx), a drive 
transistor (Dx) and a select transistor (Sx). A region of the 
photo diode, an active region around a reset gate electrode 
2, an active region around a drive gate electrode 3, an active 
region around a select gate electrode 4 and so forth are 
lightly or heavily doped With impurity ions, and around the 
respective unit cell C1, C2, C3 and C4, an element isolating 
layer 6 is formed to electrically separate the corresponding 
unit cells from each other. 

[0010] Herein, the photo diode serves to generate and 
store a certain level of an electron-hole pair through receiv 
ing light incident from exterior. The reset transistor (Rx) 
may serve to reset the electron-hole pair generated and 
stored by the photo diode PD to its initial state. The drive 
transistor Dx may serve as a source folloWer buffer ampli 
?er. Finally, the select transistor Sx may serve as a sWitching 
device and an addressing device. 
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[0011] In the conventional CMOS image sensor having 
such construction, as described above, the element isolating 
layer 6 may be formed around the respective unit cells C1, 
C2, C3 and C4 so as to electrically separate the correspond 
ing unit cells C1, C2, C3 and C4. In this case, the occupying 
area of the photo diode PD is typically greatly reduced in 
proportion to the occupying area of the element isolating 
layer 6, so that the ?ll factor of the photo diode may be 
greatly reduced. 

[0012] In case that the occupying area of the photo diode 
PD is greatly reduced by occupying area of the element 
isolating layer 6, resulting in a reduction of the ?ll factor of 
the photo diode, the quantity of light the photo diode PD can 
receive from the exterior may also be greatly reduced, thus 
greatly reducing the quality of the ?nished CMOS image 
sensor. 

[0013] MeanWhile, under the conventional systems, for 
forming the element isolating layer 6, an etching process for 
a semiconductor substrate is typically performed, so that the 
semiconductor substrate is typically damaged by mechani 
cal/chemical shocks applied during the etching process. In 
this case, When the photo diode PD is formed on an active 
region of the semiconductor substrate de?ned by the isolat 
ing layer 6 Without any separate mitigating steps, a series of 
phenomena of current leakage due to the above damages is 
typically generated at interfaces L1, L2, L3 and L4 betWeen 
the element isolating layer 6 and the photo diode. 

[0014] When the current leakage betWeen the element 
isolating layer 6 and the photo diode PD continues due to the 
damage of the semiconductor substrate caused by etching 
the element isolating layer 6, the electron-hole pair gener 
ated by the photo diode PD can not be conducted normally, 
Which greatly reduces the quality of the ?nished CMOS 
image sensor. 

[0015] Of course, if the occupying area of the photo diode 
PD is greatly reduced, the problems of reduction in the ?ll 
factor of the photo diode PD due to an intrusion of the 
element isolating layer 6, and the generation of current 
leakage at the interfaces L1, L2, L3 and L4 betWeen the 
element isolating layer 6 and the photo diode PD, can be 
greatly reduced. HoWever, in this case, electrical impacts 
betWeen unit cells are typically inevitable, so that, in con 
ventional sensors, a solution to address the problems caused 
by the serious defects generated by the element isolating 
layer 6 is desired. 

SUMMARY OF THE INVENTION 

[0016] Accordingly, embodiments consistent With the 
present invention have been made to solve the above 
mentioned problems occurring in conventional sensors, and 
an aspect of an embodiment of the present invention is to 
physically integrate individual photo diodes of the respec 
tive unit cells separated by an element isolating layer into a 
single large scale pixel formed Widely on a semiconductor 
substrate so as to hold the pixel in common, to additionally 
form_a pixel separation pattern on a portion of the large 
scale photo diode formed like above so as to electrically 
separate the same, and to naturally secure an optimiZation of 
the light receiving area of the photo diode, a minimiZation 
of the intrusion area of an element isolating layer and so on, 
so that the photo diode recovers an area occupied by an 
intrusion of the element isolating layer, thus maximiZing the 
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light receiving area in an optimal scale and easily preventing 
electrical impacts betWeen the respective unit cells. 

[0017] Another aspect of an embodiment of the present 
invention is to improve the quality of a ?nished CMOS 
image sensor above a certain level by inducing the maxi 
miZation of the light receiving area of a photo diode through 
an improvement of layouts of the photo diodes to greatly 
increase the ?ll factor of the corresponding photo diode and 
thus to increase the quantity of light the photo diode can 
receive. 

[0018] An additional aspect of an embodiment of the 
present invention is to improve the quality of a ?nished 
CMOS image sensor above a certain level by inducing a 
minimiZation of formation of an element isolating layer 
through an addition of a pixel separation pattern, for elec 
trically separating a photo diode integrated into a single 
large scale pixel to naturally minimiZe a damaged ratio of a 
semiconductor substrate caused by a formation of the ele 
ment isolating layer, and thus to restrict a phenomenon of 
current leakage generated at the interfaces betWeen the 
element isolating layer and the photo diode at the minimum. 

[0019] In order to accomplish these aspects, an image 
sensor is provided Which may comprise a photo diode 
formed on an active region of a semiconductor substrate, 
Wherein the photo diode may consist of a plurality of pixels 
and may be formed by integrating the pixels into one pixel 
Without being separated by an element isolating layer; a 
pixel separation pattern may be formed on the photo diode 
and selectively driven depending upon input voltage, thus 
de?ning the photo diode into unit pixels; and transistors for 
individually resetting the respective unit pixels de?ned by 
the pixel separation pattern and individually transferring 
electron-hole pair may be stored in the respective unit pixels. 

[0020] Herein, the pixel separation pattern may consist of 
a ?rst pattern for vertically separating the photo diode and a 
second pattern for horizontally separating the photo diode. 
Herein, the ?rst pattern and the second pattern may be 
electrically connected to or insulated from each other. 

[0021] According to another aspect of the present inven 
tion, a method for manufacturing an image sensor is pro 
vided Which may comprise forming a plurality of pixels into 
one group Without being separated by an element isolating 
layer so as to form a photo diode on an active region de?ned 
on a semiconductor substrate, the plural pixels constituting 
the photo diode; forming a pixel separation pattern on the 
semiconductor substrate for electrically separating the photo 
diode; and forming transistors on the semiconductor sub 
strate so as to control the pixels constituting the photo diode 
electrically separated by the pixel separation pattern. 

[0022] In this case, the pixel separation pattern may be 
composed of poly silicon material. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] The above and other features and advantages of the 
present invention Will be more apparent from the folloWing 
detailed description taken in conjunction With the accom 
panying draWings, in Which: 

[0024] FIG. 1 shoWs a cell group of unit cells of a 
conventional image sensor; 
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[0025] FIG. 2 shoWs a cell group of unit cells of an image 
sensor consistent With embodiments of the present inven 
tion; 
[0026] FIG. 3 shoWs a structural cross-sectional vieW of 
the unit cell taken along the line A1-A2 of FIG. 2; 

[0027] FIG. 4 shoWs an illustration for explaining an 
operation of a pixel separation pattern consistent With 
embodiments of the present invention; 

[0028] FIGS. 5 and 6 are the illustrations shoWing layouts 
of the pixel separation pattern according to the respective 
embodiments of the present invention; 

[0029] FIGS. 7 to 10 are the process vieWs shoWing a 
method for manufacturing an image sensor according to one 
embodiment of the present invention; and 

[0030] FIGS. 11 to 13 are the process vieWs shoWing a 
method for manufacturing an image sensor according to 
another embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

[0031] Hereinafter, embodiments of the present invention 
Will be described With reference to the accompanying draW 
ings. In the folloWing description and draWings, the same 
reference numerals are used to designate the same or similar 
components, and so repetition of the description of the same 
or similar components Will be omitted. 

[0032] As shoWn in FIG. 2, in the image sensor according 
to an embodiment consistent With the present invention, unit 
cells C1, C2, C3 and C4 placed adjacent to each other to 
constitute a cell group C Which may be physically integrated 
into one cell Without an interference of an element isolating 
layer 40 in such a manner that they may hold a large scale 
single photo diode PD in common. The single photo diode 
may be formed by integrating unit pixels PD1, PD2, PD3 
and PD4 into one. In this case, the photo diode PD has a 
construction in Which a plurality of pixels, each forming a 
single photo diode, may constitute one on an active region 
of a semiconductor substrate Without being separated by the 
element isolating layer. 

[0033] Herein, the number of the unit cells that can hold 
the photo diode PD in common may be gradually increased, 
such as 5, 6, . . . and so on, or decreased, such as 3, 2 and 
so on. 

[0034] Such structure holding the photo diode in common 
is one characteristic of an embodiment of the present inven 
tion. 

[0035] As shoWn in FIG. 1, under a conventional system, 
since a photo diode placed to the respective unit cells may 
be divided by an element isolating layer, thus being sepa 
rated physically, as long as a separate measure is not 
performed, the individual photo diodes placed to the respec 
tive unit cells are typically intruded in a certain portion of an 
available area of the semiconductor substrate by the element 
isolating layer. Thus, its occupying area may be restricted in 
a certain level. 

[0036] HoWever, as is mentioned before, in the embodi 
ment, since the photo diode PD held in common by the 
respective unit cells C1, C2, C3 and C4 may be physically 
integrated into one Without an interference of the element 



US 2006/0223212 A1 

isolating layer 40, the photo diode PD may naturally recover 
the available area of the semiconductor substrate intruded by 
the element isolating layer 40, thus maximizing its occupy 
ing area suitably. 

[0037] Of course, When the photo diode PD held in 
common by the unit cells C1, C2, C3 and C4 recovers the 
available area of the semiconductor substrate to optimally 
increase its rate of light receiving and the ?ll factor, etc., the 
quantity of light that can be treated by the cell group C 
consisting of the unit cells C1, C2, C3 and C4 can be greatly 
increased, thus considerably improving the quality of a 
?nished CMOS image sensor. 

[0038] MeanWhile, in the embodiment, as mentioned 
before since the photo diode PD held in common by the 
respective unit cells C1, C2, C3 and C4 may be physically 
integrated into one Without an interference of the element 
isolating layer 40, if the photo diode PD is continued to be 
operated Without a separate measure, it may cause a problem 
in that the electrical relationship among the unit cells C1, 
C2, C3 and C4 being indistinct. 

[0039] In consideration of the above problem, proposed is 
an additional construction of a pixel separation pattern PP, as 
shoWn in the draWing, Which may be formed on a portion of 
the photo diode PD, for example, a surface of the photo 
diode PD, and Which may be selectively driven by an input 
voltage thus to divide the photo diode PD into the respective 
unit pixels PD1, PD2, PD3 and PD4 included in the respec 
tive unit cells C1, C2, C3 and C4. 

[0040] In this case, the pixel separation pattern PP may be 
composed of poly silicon material. The pixel separation 
pattern PP may include a ?rst pattern 20 extending in a 
vertical axis of the photo diode PD to divide the same 
vertically, and a second pattern 30 extending, for example, 
in a horiZontal axis of the photo diode PD to divide the same 
horizontally. 
[0041] In a state Where the pixel separation pattern PP is 
placed, When the photo diode PD may be required to be 
driven by applying an input voltage, for example, positive 
potential input voltage thereto, an input voltage opposite to 
the driving voltage of the photo diode PD, i.e., negative 
potential input voltage may be applied toWard the pixel 
separation pattern PP using an input signal line (not shoWn) 
electrically connected With the pixel separation pattern at the 
same time of the input of the drive voltage of the photo diode 
PD. 

[0042] Herein, since the pixel separation pattern PP has 
been placed adjacent to the surface of the photo diode PD, 
When successive negative potential voltage may be applied 
toWard the pixel separation pattern PP, as is shoWn in FIG. 
3, electric potential of the photo diode PD adjacent to the 
pixel separation pattern PP such as a pattern 20 may be 
raised by the corresponding negative potential voltage, so 
that an elongated potential partition Wall EW extending 
along a bottom face of the pixel separation pattern 20 may 
be naturally formed (herein, the reference numerals of FIG. 
3 described are explained later). 

[0043] Such partition Wall EW may serve to repel elec 
tron-hole pairs 101 and 102, respectively generated and 
stored by, for example, the unit cell C1 or C2 side photo 
diode PD to each other While maintaining negative potential 
voltage during driving period of the photo diode PD. As a 
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result, as shoWn in FIG. 4, at the time When the photo diode 
PD begins to be entirely driven, the unit cell C1 and C2 side 
photo diode PD begins to be naturally put in a certain 
position so that it may be electrically cut off by the partition 
Wall EW. Consequently, the electron-hole pair 101 existing 
in the unit cell C1 may not moved toWard the unit cell C2 
adjacent to the unit cell C1, but only in the unit cell C1. Also, 
the electron-hole pair 102 existing in the unit cell C2 may 
not moved toWard the unit cell C1 adjacent to the unit cell 
C2, but only in the unit cell C2. 

[0044] Brie?y, When the pixel separation pattern 20 
according to the embodiment consistent With the invention 
is placed on the surface of the photo diode PD and the 
successive formation operations of the partition Wall EW are 
performed, the photo diode PD can be divided into the 
respective unit cells C1, C2, C3 and C4, for example, the 
unit pixels PD1 and PD2 included in the unit cells C1 and 
C2 Without the physical division of the element isolating 
layer 40. 

[0045] Under the conventional system, When a process for 
forming an element isolating layer for physically dividing 
the respective photo diodes to be formed by the respective 
unit cells, for example, an etching process, is performed, the 
semiconductor substrate is typically damaged by mechani 
cal/chemical shocks applied during the corresponding etch 
ing process. In this case, When a photo diode is formed on 
an active region of a semiconductor substrate de?ned by an 
element isolating layer Without a proper measure, current 
leakage due to the above damages are typically generated at 
the interfaces betWeen the element isolating layer and the 
photo diode. 

[0046] HoWever, according to embodiments of the present 
invention, the division of the photo diode PD into the 
respective unit cells C1, C2, C3 and C4, for example, into 
the unit cells C1 and C2 may not be performed in a physical 
manner by the element isolating layer 40 but may be 
performed in an electrical manner by the pixel separation 
pattern 20, so that the element isolating layer 40 may be 
formed only to the extent that, for example, it occupies a 
circumference of the photo diode PD. As a result, the rate of 
damage of the semiconductor substrate 100 due to a forma 
tion procedure of the element isolating layer 40 may also be 
minimiZed naturally, so that current leakage generated at the 
interfaces betWeen the element isolating layer 40 and the 
photo diode PD may be restricted to a minimum level. 

[0047] MeanWhile, as is shoWn in FIG. 2, in a state Where 
the unit pixels PD1, PD2, PD3 and PD4 of the unit cells C1, 
C2, C3 and C4 may be individually divided by an electrical 
operation of the pixel separation pattern PP, the transistors, 
each included in the corresponding unit pixels PD1, PD2, 
PD3 and PD4, for example, a reset transistor Rx, a drive 
transistor Dx, a select transistor Sx and so on may individu 
ally reset the unit pixels PD1, PD2, PD3 and PD4, and may 
individually transfer the electron-hole pairs stored in the 
corresponding unit pixels PD1, PD2, PD3 and PD4, respec 
tively While each transistor includes the gate electrodes 12, 
17 and 18. 

[0048] In this case, the reset transistors Rx included in the 
unit cells C1, C2, C3 and C4 can serve to reset the electron 
hole pair generated and stored by the unit pixels PD1, PD2, 
PD3 and PD4 to its initial state. The drive transistors Dx 
included in the unit cells C1, C2, C3 and C4 serve as a 
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source follower bulfer ampli?er. Finally, the select transis 
tors Sx included in the unit cells C1, C2, C3 and C4 may 
serve as a switching device and an addressing device. 

[0049] Under the condition, as is mentioned before, the 
pixel separation pattern PP of the present embodiments may 
consist of a ?rst pattern 20 for vertically dividing the photo 
diode PD, and a second pattern 30 for horizontally dividing 
the photo diode PD. Herein, selectively, the ?rst and second 
patterns 20 and 30 may be electrically connected With each 
other as is shoWn in FIG. 5, or electrically insulated by, for 
example, interposing an insulating layer 21 of the pixel 
separation pattern as is shoWn in FIG. 6 (herein, unex 
plained numeral 31 represents an insulating layer of the 
pixel separation pattern for separating the second pattern 
from the semiconductor substrate). 

[0050] In this case, for example, When the ?rst and second 
patterns 20 and 30 are electrically connected With each other, 
the ?rst and second patterns 20 and 30 may form a single 
conductive line naturally. In such circumstance, if input 
voltage is applied to any one of the ?rst and second patterns 
20 and 30, the ?rst and second patterns 20 and 30 may form, 
for example, a cross type potential partition Wall, so that the 
photo diode PD may be concurrently divided into the unit 
pixels PD1, PD2, PD3 and PD4 included in the unit cells C1, 
C2, C3 and C4. Consequently, in the ?nished image sensor, 
although the number of the input signal lines electrically 
connected With the pixel separation pattern PP is reduced in 
minimum level (that is, although any one of the ?rst and 
second patterns is determined as a signal input terminal), an 
electrical separation of the unit cells C1, C2, C3 and C4 can 
be performed normally. 

[0051] According to an alternative embodiment, When the 
?rst and second patterns 20 and 30 are electrically discon 
nected With each other, the ?rst and second patterns 20 and 
30 may form tWo different conductive lines naturally. In 
such circumstance, if input voltage is applied to the ?rst and 
second patterns 20 and 30 (or any one of the ?rst and second 
patterns), the ?rst and second patterns 20 and 30 can 
partially divide the photo diode PD vertically or horiZon 
tally, or vertically and horizontally through the formation of 
separate potential partition Wall EW. Consequently, the 
?nished image sensor may have an advantage in that the unit 
pixels PD1, PD2, PD3 and PD4 included in the unit cells C1, 
C2, C3 and C4 may be selectively integrated or separated 
depending upon certain circumstances. 

[0052] Hereinafter, a method for manufacturing an image 
sensor according to embodiments consistent With the present 
invention Will be described in detail. 

[0053] A method for manufacturing an image sensor gen 
erally comprises forming a plurality of pixels into one group 
Without being separated by an element isolating layer 40 so 
as to form a photo diode PD on an active region de?ned on 
a semiconductor substrate 100, the plural pixels constituting 
the photo diode; forming a pixel separation pattern PP on the 
semiconductor substrate 100 for electrically separating the 
photo diode PD; and forming transistors on the semicon 
ductor substrate 100 so as to control the pixels constituting 
the photo diode PD electrically separated by the pixel 
separation pattern PP. 

[0054] Hereinafter, for ease of explanation, it is assumed 
that the pixel separation pattern 20 may be representative to 
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all of the pixel separation patterns PP, the respective unit 
cells C1 and C2 may be representative to all of the unit cells 
C1, C2, C3 and C4, and a gate electrode 12 of the reset 
transistor Rx may be representative to all of the gate 
electrode 12, 17 and 18 of the respective transistors Rx, Dx 
and Sx. 

[0055] First, as is shoWn in FIG. 7, an element isolating 
layer 40 for de?ning an active region of the semiconductor 
substrate 100 may be formed by selectively performing a 
ShalloW Trench Isolation (STI) process or a Local Oxidation 
of Silicon (LOCOS) process, etc. Herein, a P— type epitaxial 
layer (not shoWn) for increasing a dimension (or depth) of a 
depletion region may be formed on the semiconductor 
substrate 100, for example, the surface of the high concen 
tration P++ type single crystal silicon substrate. 

[0056] Then, using for example, a loW pressure chemical 
vapor deposition process, an insulating layer of the pixel 
separation pattern for the pixel separation pattern 20 and an 
insulating layer of a gate for a gate electrode 12 may be 
formed in desired thickness on the Whole area of the active 
region including predetermined areas of the photo diode and 
the transistors by unit cells. In this case, the insulating layers 
of the pixel separation pattern and the insulating layers of the 
gate may be composed of a thermal oxide layer formed by, 
for example, a thermal oxidation process. 

[0057] Then, using the loW pressure chemical vapor depo 
sition process, a conductive layer, for example, high con 
centration poly crystal silicon layer, for forming the pixel 
separation pattern and the gate electrode may be formed in 
a desired thickness on the insulating layers of the pixel 
separation pattern and the gate. Of course, according to 
certain circumstances, a silicide layer may be additionally 
formed on the high concentration poly crystal silicon layer. 

[0058] Then, by selectively performing a process for 
removing an unnecessary area through a photolithography 
using a photoresist pattern PR, a deposition structure of the 
insulating layer 21 of the pixel separation pattern and the 
pixel separation pattern 20 may be completed on the pre 
determined area of the photo diode. At the same time, a 
deposition structure of the gate insulating layer 13 and the 
gate electrode 12 may be completed on the predetermined 
area of the transistors by, such as unit cells C1 and C2. Of 
course, as is not shoWn in the draWings, the other gate 
electrodes 13 and 14 besides the gate electrode 12 may be 
also formed like such deposition structure. 

[0059] Herein, since the pixel separation pattern 20 of the 
present invention may be formed simultaneously With the 
gate electrode 12, an addition of separate process and a 
considerable modi?cation of the existing manufacturing 
process are typically not required. 

[0060] Then, as is shoWn in FIG. 8, after the photoresist 
pattern PR for exposing the predetermined area of the photo 
diode has been formed, using the photoresist pattern PR as 
a mask for ion implantation, n type impurities may be 
ion-implanted With loW concentration and high energy 
toWard the predetermined area of the photo diode, thus to 
form an n— type diffusion region 110 on the corresponding 
area of the photo diode. 

[0061] Herein, if the n— type diffusion region 110 is 
formed Widely over the Whole of the predetermined area, 
upon a subsequent process for forming the potential partition 



US 2006/0223212 A1 

Wall EW through the operation of the pixel separation 
pattern 20, the semiconductor substrate 100 under the pixel 
separation pattern 20 may be unnecessarily separated into a 
P type substrate region and the n— diffusion region 110, 
possibly causing a problem in that the potential partition 
Wall EW may be hardly formed. In embodiments consistent 
With the present invention, in consideration of the problem, 
as is shoWn in the draWing, the n— diffusion region 110 may 
be formed to be divided toWard the both sides about the pixel 
separation pattern 20, so that the pixel separation pattern 20 
may easily form the potential partition Wall EW With no 
dif?culty. 
[0062] Then, using the photoresist pattern PR as a mask 
for ion implantation, P type impurities may be ion-implanted 
With middle concentration and loW energy toWard the n 
diffusion region 110, thus to form a P0 type diffusion region 
111 on the semiconductor substrate 100 including the n-dif 
fusion region 110. Of course, according to certain circum 
stances, a process for forming the P0 type diffusion region 
111 may be abbreviated. 

[0063] Consequently, When such processes have been 
completed, as is shoWn in the draWing, there may have been 
provided the photo diode PD on the predetermined area 
thereof including the pixel separation pattern 20, Wherein 
photo diode may be held in common by the unit cells, for 
example, unit cells C1 and C2, and divided into unit pixels 
by the pixel separation pattern 20 While being integrated into 
single large scale pixel. 

[0064] Then, as shoWn in FIGS. 9 and 10, after the 
photoresist pattern PR for exposing the predetermined area 
of the transistors for unit cells have been formed, additional 
processes including a process for forming an n— diffusion 
region 15 for lightly doped drain (LDD) structure, and a 
process for forming the spacers 22 and 14 on the sideWalls 
of the pixel separation pattern 20 and the gate electrode 12 
using an ion implantation of n type loW concentration 
impurities toWard one side of the gate electrode, and a 
process for forming an n+ diffusion region 16 for forming 
the transistor using an ion implantation of n type high 
concentration impurities toWard one side of the gate elec 
trode 12, may be additionally performed. 

[0065] Consequently, When such processes have been 
completed, as is shoWn in the draWing, the transistors Rx, 
Dx and Sx have been individually formed on the predeter 
mined area of the transistors for the unit cells, Which 
transistors individually reset the unit pixels PD1, PD2, PD3 
and PD4 included in the unit cells C1, C2, C3 and C4, and 
individually transfer the electron-hole pairs stored in the unit 
pixels PD1, PD2, PD3 and PD4. 

[0066] MeanWhile, the method for manufacturing the 
image sensor of embodiments of the present invention may 
be modi?ed in various manners according to certain circum 
stances. 

[0067] For example, although, as shoWn in FIGS. 7 to 10, 
under the afore-mentioned embodiment, the image sensor 
may be manufactured by forming the pixel separation pat 
tern 20 and the gate electrode 12 and then forming the photo 
diode PD, the image sensor may be manufactured by form 
ing the photo diode PD and then forming the pixel separation 
pattern 20 and the gate electrode 12. 

[0068] In this case, as shoWn in FIGS. 11 to 13, the image 
sensor may be manufactured by forming a photo diode PD 
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integrated into single large scale pixel and held in common 
by the unit cells C1 and C2, by selectively ion-implanting 
the loW or high concentration impurities to the predeter 
mined area of the photo diode of a semiconductor substrate 
100 prede?ned by an element isolating layer 40; forming a 
pixel separation pattern 20 for dividing the corresponding 
photo diode PD into the unit pixels PD1 and PD2 included 
in the unit cells C1 and C2 on the photo diode PD, and 
forming the gate electrodes 12 for controlling the movement 
of the electron-hole pairs stored in the unit pixels PD1 and 
PD2 on the predetermined area of the transistors for unit 
cells C1 and C2; and individually forming the transistors Rx, 
Dx and Sx for individually resetting the unit pixels PD1 and 
PD2 included in the unit cells C1 and C2, and for individu 
ally transferring the electron-hole pairs stored in the corre 
sponding unit pixels PD1 and PD2, by selectively ion 
implanting high or loW concentration impurities to the 
predetermined area of the transistors for the unit cells C1 and 
C2 including the gate electrodes 12. 

[0069] Of course, the detail of the respective steps may be 
substantially similar to those of the afore-mentioned 
embodiments, so an explanation for this Will be abbreviated. 

[0070] According to the afore-mentioned description, 
embodiments of the present invention may be directed to 
physically integrate individual photo diodes of the respec 
tive unit cells separated by an element isolating layer into a 
single large scale photo diode With a pixel formed Widely on 
a semiconductor substrate so as to hold the pixel in common, 
to additionally form a pixel separation pattern on a portion 
of the large scale photo diode formed like above so as to 
electrically separate the same, and to naturally secure an 
optimization of the light receiving area of the photo diode, 
a minimiZation of the intrusion area of an element isolating 
layer and so on, so that the photo diode may recover an area 
occupied by an intrusion of the element isolating layer, thus 
maximiZing the light receiving area in an optimal scale and 
easily preventing electrical impacts betWeen the respective 
unit cells. 

[0071] Also, an embodiment of the present invention is to 
improve the quality of a ?nished CMOS image sensor above 
a certain level by inducing the maximization of the light 
receiving area of a photo diode through an improvement of 
layouts of the photo diodes to greatly increase the ?ll factor 
of the corresponding photo diode and thus to increase the 
quantity of light the photo diode can receive. 

[0072] Furthermore, embodiments consistent With the 
present invention improve the quality of a ?nished CMOS 
image sensor above a certain level by inducing a minimi 
Zation of formation of an element isolating layer through an 
addition of a pixel separation pattern for electrically sepa 
rating a photo diode integrated into a single large scale pixel 
to naturally minimiZe a damaged ratio of a semiconductor 
substrate caused by a formation of the element isolating 
layer and thus to restrict a phenomenon of current leakage 
generated at the interfaces betWeen the element isolating 
layer and the photo diode at the minimum. 

[0073] Although embodiments of the present invention 
have been described for illustrative purposes, those skilled 
in the art Will appreciate that various modi?cations, addi 
tions and substitutions are possible, Without departing from 
the scope and spirit of the invention as disclosed in the 
accompanying claims. 
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1-8. (canceled) 
9. A method for manufacturing an image sensor, compris 

ing: 

providing a substrate; 

forming at least one photo diode on the substrate; 

forming at least one pixel separation pattern to separate 
each of the at least one photo diode into at least one unit 
pixel; and 

forming a transistor to control the at least one photo diode. 
10. The method according to claim 9, further comprising 

performing STI processing and/or LOCOS processing. 
11. The method according to claim 9, further comprising 

forming an element isolating layer to separate the at least 
one photo diode. 

12. The method according to claim 9, Wherein forming the 
pixel separation pattern, comprises: 

forming an insulating layer and a conductive layer on the 
substrate sequentially; and 

forming simultaneously the pixel separation pattern and a 
gate electrode of the transistor by etching through a 
photolithography process on the substrate. 

13. The method according to claim 12, Wherein the pixel 
separation pattern and the gate electrode are formed of a 
lamination structure of the insulating layer and the conduc 
tive layer. 

14. The method according to claim 12, Wherein the 
conductive layer comprises polysilicon. 

15. The method according to claim 9, Wherein the pixel 
separation patterns are formed so as to intersect each other. 
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16. A method for manufacturing an image sensor, com 
prising: 

providing a substrate; 

predetermining at least one region for forming a photo 
diode on the substrate, and forming at least one pixel 
separation pattern to section a plurality of unit pixels in 
each of the at least one region; 

forming the photo diode in the at least one region; and 

forming a transistor to control the photo diode. 
17. The method according to claim 16, further comprising 

performing STI processing and/or LOCOS processing. 
18. The method according to claim 16, further comprising 

forming an element isolating layer to separate the photo 
diode from other photo diodes. 

19. The method according to claim 16, Wherein forming 
the pixel separation pattern comprises: 

forming an insulating layer and a conductive layer on the 
substrate sequentially; and 

forming simultaneously the pixel separation pattern and a 
gate electrode of the transistor by etching through a 
photolithography process on the substrate. 

20. The method according to claim 19, Wherein the pixel 
separation pattern and the gate electrode is formed of a 
lamination structure of the insulating layer and the conduc 
tive layer. 

21. The method according to claim 19, Wherein the 
conductive layer comprises polysilicon. 

22. The method according to claim 18, Wherein the pixel 
separation patterns are formed so as to intersect each other. 

* * * * * 


